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FOREWORDA

ThIs paper wax prepared at the request of the Program Counittee

for the fall Conventi.on. of the Amertcan Concrete Institute, Cleveland,

Ohio, 5 Noveiebei 1965. It w~s submitted to and approved by the Chief

of Engr:•ers for prt~entation •aad publication by first indorsement

dated 12 August 1965 to a letter dated 14 July 1965 subject: Approval

of Paper for Pre-eiatation.

The work on which tho paper t.s based was conducted at the Concrete

Division of the U. S. army Engineer Waterways Experiment Station under

the direction of Hr. Thomas B. Kennedy and M4r. Bryant Mathtr. Staff

menbers actively concerned with the work included Hessrs. W. 0. Tyres,

Jr. L. Saucler, and W. B. Lee. The reports on which the paper is based

were prepared, respectively, by Mr. Mather and by Messrs. Mather and

Saucier.

Directors of the WES during the investigation, the preparation

of the r"ports, at.d of thte paper were Colonel Edmund H. .ang, CZ;

Colonel Alex G. Suttva, Jr., CE; and Cclonel John R. Qawmlt, jr., CE.

Technicat Director was Mr..J. B. Tiffany.
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Partiall y Compa;ted Weitht of Con•crete as a

Measure of IrorkabilityiZ

byA
Bryant lather3

In the ACT Standard Recoume.ndec. Practice for Selecting Proportions for

No-Slump Conorete as reported by Paul Klieger for Subcomaittee 2 of Cos-

%ittee 211-one of three suggested methods for uansuring consistency of

concrete is the compacting-factor procedure, as described in British

Standard 1881 (fig. 1). This test is based on the assumption that the

drier the consiatency, the greater will be the void volume of an uncom-

pacted saiple. Concrete is Olaced in the upper hopper, allowed to fall

into the second so as to achieve a given state of looseness, then allowed

to fall Into a 6-in. dianeter, U2-in, high cylindrical mold. The struck-

off net weight before additional compaction, expresses; as a ratio of theI

fully compacted weight of concrete filling the sa mold, It the compacting

factor. There is on approximste relation between compscting factor and

ulump, as is indicated in fig. 2, which alac is taken fr*A the ACT 211

Standard. Apparatus for field use has been developed in which the weigh-

ing device is incorporated (fig. 3). As a part of Item 619, "Investig•.-

tien of Placeability of Concrete," of the Engineering Studies Progra of

the Corps of Engineers, Zhe U. S. Army Engineer Waterways E'periment Station

1Prepared for presentstion at Research Session of American Concrete Institute
Convention, Cleveland, Ohio, 5 November 1965.

_ 2 Based on "Investigation of Partially Compacted Weight of Concrete %s a
Measure of Workability,"USANWES Technical Report No. 6-598, teport No. 1,
"Preliminary Teots" (April 1962) and Report Wo. 2. "Tests oi Lar e-A gregat.
Concrete" (August 1963).

3Research Civil Engineer, Conc,'ete Division, U. S. Army Engineer Vstervt•ys
Fperlmeat SttLion, Jackson, Mississippi.
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was authorized to make stucieo to determine If an approach, based on

the compacting factor principlt, could be developed fcr mass concrete that

would be 3uperior to the present practice of controllirg consistency by

making slump tests on samples wet screened through, the Z-in. sfeve.

Th.! con~acting factor apparatus constructed for use iti our initial

studies i Ahwn in fig. 4. In the first tests a comparison was made of

the uncompacted unit weights of samples of •w.o mixtures that were, in one

case, dropped it-to the sold through the two hoppers of the compactng-factor

apparatus 3nd, in the other, discharged into the mold directly from a tilting

mixer. Thia o.xperi.ent was based on the assumption that both hoppers of

the apparatus -ould be eliminated if concrete were made repeatedly available

in a comparabie ctate of loosernes at a given distance above the mold. The

average unit velght of the uncompacted concrete in the mold was sliintly

greater when the sold was filled directly from the mixer discharge than vben

the mold wrat :Mled by allowing the concrete to drop through the two hoppers.

For one mit-ire:, having a slump of I to 1-1/2 in., the compacting factors

ranged frcm C.805 to 0.870 and for the other mixture, fhichhad a salt of

2-112 to 2-371 in., the range in compacting factor was 0.849 to 0.945.

In tfi second series of tests a single mixture of nominal 2-in, slunp

was used vit:k ieven different water contents so as to give slumps from 0 to

8 in. T-le .i-x.r.ceent ratio for 2-in. slump was 0.54; at 0 sl9mp it was

0.49; az f-I.•. slump it wAs 0.67. The range of water content-change was from

23 lb/c a y-ird less to 61 lblcu yd sore than the nominal mount that gave the

2-in. ilumw . The cecpacting factor (fig. 5)for the nominal 2-in. slump Sixture

was 0.860; when the water content was least, this dropped to 0.790; when
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the water content wan most, it was 0.966. The more significant feature of

the results of this ntudy, in teris of what it suggested about possible

field application to teass concrete construction, yas the relationship found

between consistency (or slump, or water content) ind net uncoepacted weight

(fig. 6). In addition, some attention was given to the degree of heapirg I

of the material as the container was overfilled with uncompacted concrete.

This, in effect, was a study of the angle of repose. Fig. 7 indicates these

results expressed as a relation of weight removed on ttrike off - obviously

the steeper the angle of rcpose, the higher the cone of heaped concrete and

hence, the greater the weight of concrete struck off. The observations suggested,

for the mixture under study, that, were it desired to heob• the workability at

a consistency -- water content -- slump -- such as this mixture possessed when

iL had a slump of 1-1/2 in., then this would be obtained if it we7e required

that there be a minimuvi value for weight of concrete struck off; i.e., a

maximum angle of repose. It was concluded, however, that for a test for

uniformity of workability of mass concrete when repeated batches of similarly

intended composition werq involved and the primary batch-to-batch variation

could be a;sumed to be due to unintentional changes in water content, the

struck-off uncompacted weight could be taken as a parameter for control pdr-

poses, at least so long as the desired workability was somewhere in the

range represented by a slwimp of 3 in. or less.

With this background, the cCmpacting factor apparatt;., as such, was

xet aside, and studies using 6-in. aggregate concrete were begun. For

this work a 3-112-cu ft unit-%eight measure having an inside diameter of

20-3/4 in. was used as the mold and was placed on a 1000-lb capacity scale.
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Approxiunatel7' 5 cu ft of concrete was allowed to fall into this mold from

a 1/2-cu yd bottom-dump bucket with a 15-in. square opening positioned 3 ft

above the mold. The heaping weight, weight after utrike-eff, and compected

weight were recorded (fig 8). Strike-off was accomplished by use of a

3-in. diameter steel shaft. The mixture usod contained no cement and

initially nad 226.5 lb of fly ash and 118.8 lb of water per cu yd. The same

15-cu ft batch was used repeatedly, adding water for each of seven successive

tests until the water content had been raised until it was eesentiaUly double

that at the start. These tests were repeated three t4.me-. At each test 13

samples wer2 taken, sieved through a 1-1/2-in, sieve, and tested for slump,

and sieved through a No. 4 sieve and dried out to determine water content

of mortar. A period of 3 to 4 hr was involved in making each series of tests.

From the test results it will be noted that all the recorded weights -- heaping,

struck-off, and consolidated -- and ' the compacting factor, reaýhed

a maximum -when the mortar water content was about 12 percent and then declined.

These relations are shown in fig. 9 for the three batches separately for

heaped weight before strike off. A similar pa-tern is shown in fig. 10

for struck-off uncomacted wtight. The numbers shown beside the data points

are results )f slump cests. The maximum is achieved at a slump between

1-1/2 ar'd 3 in. These results indicate that at low water content the loose

concrete contains much air because it is dry and harsh but does not beap high

because it is crumbly and poorly cohesive. As -"ater is added, it becomes

softer and more cohesive, thus reducing the air space of the uncouiacted

mass and alloving high heaping. Finally, with mmce water, the material

heaps less zs it becomes more able to flow, doesn't compact any better, ard

becomes lower in unit ueight because it conEains more water. Fig. 11 thows

the copacting factor-slump relation for theze tests.
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M. R. Smith, who until :,onday, 8 November 1965, will be concrete man

oon the Tarbela Dam Project in West Pakistan, where 3-1/1 nillion cu yd

0o concrete will be placed, has developed a direct application oi the

compscting-factor test that he regards as better than slump. h It.--

L -- -a .-... i-! ii-•l. The device he built iv:'oives on,& hopper that

discharges into a 1-cu ft container wit), a top opening about 14 in. square.

After strike off and weighing, additional concrete, without large aggregate,

is added as the sample is consolidated by internal vibration. Two tests

are made on a batch; the weights generally agree within 1%. He finds c-,-

crete with a compacting factor oi 0.90 good; above 0.94, very plastic, and

below 0.84 too harsh to be placed. His data indicate that a co~pacting factor

of 0.84 to 0.94 for his concrete represents about a 1- to 3-in. slump.

I believe that this wark points a way to a procedure, involving no

manual operations on the concrete, that could dctect any batch with eiLher

seriously deficient or excessive water content. A bottom-dump :tontastler :

of appropriate size suspended so as to overfill each time the mixer dumped

could b.e weighed through its suspension system and then d -mped. A range

in weight representing satisfactory concrete could be deteruincd and the

plant arranged to reject any bhitch whose heaped loose reight was foune to be

outside tne established range.
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FCOMPACTING

Q ,N IS. I'I:N, f-:,y AV r.RA-"•.

VERY STIFF "070

STIFF 0 to I 0.75

STlFF PLASTIC :, 2 0.85

PLASTIC 3 :o 4 0.90

FLOWING 6 to 7 0.95
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MIXING WATER MORTAR WEIGHT. LS CO"-P I

USED WATER SLUMP BEFORE AltTEt FULtY CON- PACTING

LB/Cu VO CONTENT. % IN. S;RIKE-OFF STRIKE-OFF S3A1'ATEO F.•_R

118.8 6.60- 0 57 4537 54 0.835
138.8 ;8.80 1/8 564 43 43 0.334

a.8 _10.20 1/2 599 457 -9 0.832 -•

18.8 10.50 3/4 467 54 8
178.8 1,.6o 1 718 492 5520 0.891

218.8 12z75j 2 -722: 526- 548 0.960*

238.8 14.10 -4 698 516 550 0.938

118.8 7.50- 0 57 454. 549 0.827

j-38 1.05 -1/2 590 476 552 07.862
811.9 14 6687 493B 548 0.909

-168.8 -A22~ -112 W~4 -5204-33 0.9400

78. 2-12.60 570 513 ESI 0.92-

I88A. 12.90 2-412 488 488 -54 -O81
i98. 13S 3 ~ 55 0.840

= -8. 595 ~ 70460 542 0.849

1a. 7.40 1/4 530 466 546083

-158.8 -10;30 :1260 480 546 W.879,

178.8ý 11.40 1-114 643 488 -543 0. 899

188.8- 11.45 ~ 2 6680 493 545 0.91

AS10.8 12,151 3 Z20 573f$ -4 5 940*

2083_ 12.40J 3-1/2 656 496: 48,F 0-SOS

*MAX
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